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Plant disease resistance protects plants from pathogens in two ways: by pre-formed 
structures and chemicals, and by the immune system. Disease resistance is the reduction of 
pathogen growth in or on the plant and the immune system produced by plant body help to 
fight against the diseases caused by the pathogens. So, to overcome the disease by detecting 
the pathogen and to detect the specific virulence proteins plants have launched various 
methods of immune systems which will have the potential to completely shut down the 
pathogen infection. This is a unique step acquired by plants to combat the pathogen threat. 
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INTRODUCTION 
Immunity is the ability of the body to 
protect against all types of foreign bodies 
like bacteria, virus, toxic substances, etc. 
which enter the body. Immunity is also 
called disease resistance [1]. The lack of 
immunity is known as susceptibility. The 
science dealing with the various 
phenomena of immunity, induced 
sensitivity and allergy are called 
immunology. There are two major types of 
immunity:- 
1. Innate or natural or nonspecific.  
2. Acquired or adaptive. 
Unlike vertebrates, plants do not have an 
adaptive immune system [2]. Plants can 
launch specific, self-tolerant immune 
responses and establish immune system. 
To promote virulence, pathogens inject the 
effector molecules that target conserved 
immune signalling hubs into the plant cell. 
Thus, plant immune systems must have a 
diversity of factors and ways to 
successfully fight off pathogens and resist 
plants from their attack to cause diseases 
[3]. 
DISCUSSION 
How does pathogen attack host plant 
and trigger immunity?  
 Plant pathogens proliferate in 
intercellular spaces after entering 
through water pores (stomata and 
hydathode) or via wounds.  
 Fungi can directly enter plant 
epidermal cells, or extend hyphae on 
top of, between, or through plant cells. 
Pathogenic and symbiotic fungi and 
oomycetes can invaginate feeding 
structures (haustoria), into the host cell 
plasma membrane.  
 These diverse pathogen classes all 
deliver effector molecules (virulence 
factors) into the plant cell to enhance 
microbial fitness. 
 Plants lack mobile defender cells and a 
somatic adaptive immune system. 
Instead, they rely on the innate 
immunity of each cell and on systemic 
signals emanating from infection sites.  
 In many plants, R proteins might be 
activated by pathogen-encoded 
effectors. R proteins indirectly 
recognize pathogen effectors by 
monitoring the integrity of host cellular 
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Fig. 1: Principles of plant immunity. 
 
Phases of plant immunity 
1. PAMPs Triggered Immunity (PTI )  
2. Effector Triggered Susceptibility 
(ETS) 
3. Effector Triggered Immunity (ETI)  
 
Non-host resistance 
 It is a broad spectrum resistance of an 
entire plant species and performed 
barriers such as cell wall, cuticle. 
 Part of it is activated upon recognition 
of general features of microbes called 
MAMPs (Microbe associated 
molecular patterns) such as EF-Tu, 
Flagellin, and LPS.  
 Induced defence responses such as 
lignin accumulation, production of 
antimicrobials like phytoalexins, HR 
response, induction of Pathogenesis 
Related Protein (PR protein) [5]. 
 
Host resistance 
 Acts under the species level (some 
cultivars are resistant some are 
susceptible).  
 Effector-triggered Immunity (ETI). 
 Controlled by single or few 
polymorphic host genes, i.e. Resistance 
(R) genes that recognize pathogen 
effectors. 
 
PAMPs Triggered Immunity (PTI) 
1. Conserved molecules that inhabit 
multiple pathogens are referred to as 
MAMPs by many researchers. 
2. The defences induced by MAMP 
perception are sufficient to repel most 
pathogens. 
3. Pathogen effector proteins are adapted 
to suppress basal defences such as PTI. 
Many receptors for MAMPs have been 
discovered. MAMPs and DAMPs are 
often detected by trans membrane 
receptor-kinases that 
carry extracellular domains [6]. 
 
Effector Trigger Immunity (ETI) 
1. This is activated by the presence of 
pathogen effectors. 
2. The effectors are recognised by R 
proteins coded by R genes. R genes 
are activated by specific pathogen 
strains. 
3. Plant ETI often causes an apoptic 
hypersensitive response. 
[Current view of the plant immune 
system can be represented as a four 
phased ‘zigzag’ model as proposed by 
Jonathan and Jeffery (2006)] [1].
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1. PAMPs (or MAMPs) are recognized 
by PRRs, resulting in PAMP-triggered 
immunity (PTI) that can halt further 
colonization.  
2. Successful pathogens deploy effectors 
that contribute to pathogen virulence. 
Effectors can interfere with PTI. This 
results in effector-triggered 
susceptibility (ETS). 
3. A given effector is ‘specifically 
recognized’ by one of the NB-LRR 
proteins, resulting in effector-triggered 
immunity (ETI). Recognition is either 
indirect, or through direct NB-LRR 
recognition of an effector. ETI is an 
accelerated and amplified PTI 
response, resulting in disease 
resistance and, usually, a 
hypersensitive cell death response 
(HR) at the infection site.  
4. Natural selection drives pathogens to 
avoid ETI either by shedding or 
diversifying the recognized effector 
gene, or by acquiring additional 
effectors that suppress ETI. Natural 
selection results in new R specificities 
so that ETI can be triggered again. 
 
R Proteins 
Resistance genes (R-Genes) are genes 
in plant genomes that convey plant disease 
resistance against pathogens by producing 
R proteins. Specificity of the plant innate 
immune system is often conferred by 
resistance (R) proteins. Because R genes 
confer resistance against specific 
pathogens, it is possible to transfer an R 
gene from one plant to another and make a 
plant resistant to a particular pathogen [7]. 
 
AVR Proteins 
Proteins effectors of plant pathogens are 
pathogen molecules that manipulate host 
cell structure and function thereby 
facilitating infection. The effectors 
specifically recognized by 'matching' 
resistance proteins (R proteins) are termed 
avirulence (AVR) proteins [8]. 
R proteins can be recognised by specific 
domains 
1. Leucine-rich repeats (LRRs) mainly 
involved in recognition, where as the 
amino-terminal domain determines 
signalling specificity. 
2. Central nucleotide-binding site (NBS) is 
signalling binding molecules, binds with 
ATP / ADP and GDP/ GTP.  
3. Variable amino-terminal domain. TIR, 
CC. 
 
Resistance can be conveyed through a 
number of mechanisms including 
1. The R protein interacts directly with 
an Avr gene (Avirulence gene) product 
of a pathogen (Gene-for-Gene 
relationship). 
2. The R protein guards another protein 
that detects degradation by an Avr 
gene (Guard Hypothesis). 
3. The R protein may detect a Pathogen-
Associated Molecular Pattern or 
PAMP (alternatively called MAMP for 
Microbe-Associated Molecular 
Pattern). 
4. The R protein encodes enzyme that 
degrades a toxin produced by a 
pathogen. 
 
The Guard Hypothesis 
 Ven-der-beizen and Jones proposed 
this model in 1998. According to this 
hypothesis, elicitor cannot directly 
interact with R gene or receptor.  
 Avr proteins first of all react with 
gurdee protein which either directly or 
indirectly forms a complex with R 
proteins which activate defence 
reaction. 
 Interaction with guardee and Avr is 
recognised by R protein. 
Eg. Martein et. al., 1993 provided the 
first evidence of direct interaction of 
tomato Pto genes and AvrPto from  
Pseudomonus  syringae ( where Pto 
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Fig. 3: Guard hypothesis - the plant R proteins (guard) are associated with the endogenous 
host proteins (guardee) which are common target proteins for the pathogens. The interaction 
of effector pathogen proteins with the host proteins causes a change in their structure which 
is then recognized by the guard proteins. As a result, a pathogen response signalling cascade 
is triggered against the microbial evasion.  
 
CONCLUSION 
Plants lack mobile defender cells and a 
somatic adaptive immune system. Instead, 
they rely on the innate immunity of each 
cell and on systemic signals emanating 
from infection sites. The three phases of 
plant immunity are; a) PAMPs Triggered 
Immunity (PTI), b) Effector Triggered 
Susceptibility (ETS), c)Effector Triggered 
Immunity (ETI). PTI triggered by PAMP 
or MAMP such as EF-Tu, Flagellin, and 
LPS.  This causes non host resistance 
defence responses such as lignin 
accumulation, phytoalexins, HR response, 
induction of pathogenesis related protein 
(PR protein). ETI is activated by presence 
of pathogen effectors which is recognised 
by R proteins, coded by single or few 
polymorphic host genes, i.e. Resistance 
(R) genes, that recognize pathogen 
effectors. Current view of the plant 
immune system can be represented as a 
four phased ‘zigzag’ model as proposed by 
Jonathan and Jeffery (2006) [1]. The 
population biology of pathogen effectors 
and their co-evolving host NB-LRR genes 
(R) genes are needed to be more 
investigated to understand the immune 
response in plants. The effectors 
specifically recognized by 'matching' 
resistance proteins (R proteins) are termed 
Avirulence (Avr) proteins. The R protein 
interacts directly with an Avr 
gene (Avirulence gene) product of a 
pathogen (Gene-for-Gene relationship). 
The R protein guards another protein that 
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